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~n investigation 09 the  effect of e. 60° SWeptbaCk  horizontal  tail 
at two  vertical  locations OIL the  static  longitudinal  stability of two 
60° sweptback-wing-body  configurations  with  aspect  ratios of 2.67 
and L.00 hzs been  conducted in the  Langley  &foot  traneonic  pressure 
tunnel.  Tests  were  made  et  Mach  n-mbers  from 0.80 to 1.18 for angies of 
attack from -30 to &bout 13O.  

The  addition of the  horizontal  tail to the  wing-body  configurations 
at  either  of t'le two  locations  reduced  the  pitch-up  tendency but did 
not elimimte it.  The  tail was slightly  more  effective  at  subsonic 
speeds  inmediately  after  the  pitch-up  tendency  when  located  below  the 
extended wing chord plene.  At low lift  coefficients,  stability  changes 
with  increasing Mach number  corresponding to a resrward  movement of 
the  r-eEtral  point of approximately 12 percent  and 19 percent  of the 
mean  EeroQnaQic  chord  occ-mred  for  the  aspect-ratio-2.67  and  aspect- 
ratio-4.00  configuretions,  respectively. 

Ir- e_rl investigation  reported in references 1 and 2, a 60° sweptback- 
wlr!!-indented-body  configuration was found  to have exceptionelly  high 
Lift-drzg  ratios zt tramsonic  speeds;  however,  the  longitudbal  stability 
characteristics  were  unsatisfactory  at  moderate  lift  coefficients. 
Various  devices  were dded to  the  wing  (ref. 2) to  improve  the  stability 
chrracteristics  bat  none  wereve&equate. 
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The puqose of the  present  investigation is to  determine  the 
effect of a 63' swept'cack  horizontal  tail on the  longitudincl  stability 
chsrecteristics of two  other 60° sweptback-wing-body  configurations 
that  h&ve  also  been  designed  to  have  high  lilt-drag  ratios  at  tranaonic 
speeds.  T3e  aspect  ratios of the  two  wings  are 2.67 and 4.00. Each 
wing-body  configuration  was  tested  alone  and  with  the  horizontal  tail 
at Oo angle of incidence  in  two  vertical  positions - below  t'ne  wing 
chord  plene  and  slightly  above  the  wing  chord  plane.  Date.  were  obtained 
over a Mach  number  range from 0.80 to 1.18 through aa angle-of-attack 
range from -3' to  about l9O. 
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SYMBOLS 

airfoil-section  mean-line  designation,  fraction of chord 
fro2  leading  edge  over  which  design lo& is  uniform 

drag  coefficient,  Drag/qS, 

pitching-monent  coefficient  about 0.25%, 
Pitching  noment/qSwG 

slope of pitching-monent  curve 

tail  length,  distance from 0.25Ew to  O.25Et  measured 
parallel  to  wing  chord  plane 

free-strem Mach nunber 

free-stream  dynamic  press-are 

total  area 

tail  volume  coefficient, - - 2 St 
ksw 

angle of attack of model  neasured fro= fuselage  center  line, 
deg 

" 



NACA RM L5”LJ.l 3 

- Subscripts : 

W wing 
c 

t t a i l  

APPAWTUS AM) “S 

The tes t   sect ion of the Langley 8-foot  transonic  pressure  tunnel 
i s  approximately  square in  cross  section. The upper a d  lower walls 
of the  tes t   sect ion  ere   s lot ted  to  allow continuous  operatioo  through 
the  trznsonic speed  range without chokillg. 

The t e s t s  were conducted zt approximately  atmospheric  stagnation 
pressure and the stagnation  temperature i n  the  tunael was zutomatically 
controlled and held constsnt at 123O F. The tunnel air WELS dried 
sufficiently  to lower the dewpoint below Oo F in  order  to  >revent the 
formetion of condensation  shocks. 

Models 

The p l ~ ~ z  forms and dinensions of t ie  wing-body-tsil  configurations 
are shown in  figure 1. Both the wings and the te i l  were constructed of 
s tee l .   me  model  was st ing supported  as shorn in  f igure 2. The body 
coordinates  ere given i n  table I and the geometric characteristics of 
the wings snd t a i l   a r e  given ir- table 11. 

The wings tested heve the 0.25-chord l i ne  swept back 600, Mve  a 
2 taper r a t i o  of 0.15, and are mounted L inch above the Body cecter  l ine 

at o0 angle of incidence. The w i n g  of aspect r a t i o  2.67, shown in f ig-  
ure l(a), has s s t r e m i s e  1WC-4 64-4206, a = 0 airfoil  section at the 
root and tapers  l inearly  to e s t r e w i s e  NACA 64A203, a = 0.8 (Eodi- 
f ied)  airfoil  section at the 50-percent  semispan. !The s&me a i r f o i l  
sectioc is used fron the 50-percent-semispen s ta t ion t o  the wing t i p .  
The airr”oi1  coordinates f o r  a given  percent  senispan  are the same as 
those  given i n  reference 3.  The wing of aspect  ratio 4.00, shown i n  
f igme l(b), is  1.3 t ixes  as thick as the wing of aspect  ratio 2.67 
ir- order to hsve  approximately tile saxe structursl   characterist ics.  

!he  horizontal t a i l  used i n  this investigation has the 0.25-chord 
ltr-e swept  beck 60°, taper  ratio of 0.15, m-d  &n aspect  ratio of 2.67. 

- a , f r  4 c-.. 
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The  tail has a stremise NACA 64AOO5 airfoil  section at the root and - 
t&pers  linearly to an NACA 6k002 airfoil  section  at  the  tip.  The  tail 
could  be momted in  two  positions  as  shown  In  figure 1. 

Tests 

The  wing-body  configurations  were  tested  with  the  tail  off  and  with 
the  teil  on  in the low  position  and Fn the high  position  over  the Mach 
nuxber  range  from 0.80 to 1.18, except  that  the  configuration  having 
the  aspect-ratio-4.00 w i n g  and the  tail  in  the low position  we6  not 
tested  below a Mach  number of 0.90. The n o m l ,  axi&l,  and  pitching- 
mment loads of  the  complete  configuration  were  measured  with 211 internal 
strain-gage  balance.  Data  were  not  recorded  in  the  Mech  number  range 
fron 1.03 to 1.18 since,  in  this  range,  the  data may have been  affected 
by  reflections of the  fuselage bow wave  from  the  tunnel  walls.  The 
variation  of  Zeynolds  number,  based  on G, with  Mach  number  is  shown 
in  figure 3. 

The  angle of attack  was  measured by e. strain-gage  attitude  trans- 
mitter  xounted  in  the  body  ahead  of  the  wing.  The  angle-of-attack 
range  was  limited by the 11.pxhum allowable load on the balance and 
varied from -3O to  about 18O at  the  eubsonic  Mach nmbers and  from -3' 
to 12' or 15O at  the  supersonic Mach nunbers. 

CORRECTTONS AND ACCURACY 
c 

The  drag  data  for  these  tests  have  been  adjusted  to  the  condition 
of  free-stream  static  pressure  at  the  base of the  body.  Except for the 
base-pressure  adjustxents,  sting  interference  effects  have  been  neglected. 
No corrections to the  data  for  the  aeroelastic  properties of the mdels 
h v e  been  made.  Since  the  blockage  area of the  model  conTigurations 
was small, corrections  to  the  test  data f o r  boundary interference  are 
not  believed  necessary  in  the-slotted  test  section.  (See  ref. 4.) 

The  accuracy  of  the measwed coefficients  is  estimated to be  as 
follows : 

The locsl  deviations  in Mach nwnber in the  region of the  model  were 
no larger  than 0.003 at t'ne  scbsonic  Mach  numbers  and  did  not  exceed 
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0.010 as  the  lhch  number was imreased to 1.18. The  model  angle of 
attack is esthated to  be  correct  within +O.lo. 

RESULTS AND DISCUSSION 

The  basic  aerodynmic  characteristics  are  shown  in  figure 4 for 
the  aspect-r=tio-2.67  and  in  figure 5 for  the  aspect-ratio-4.00  wing- 
body  configurations  with  and  without  tine  horizontal  tail.  It  should 
be  noted  that,  in  order  to  facilitate  presentation of the  data,  staggered 
scales  have  been  used in m m y  of the  figures  and  care  should  be  taken 
in  identifying  the  zero  axis  for  each  curve. 

Lope;itudiml  Stability  Characteristics  With Tail Off 

The  variation of pitc'nlng-mnent  coefficient  with  lift  coefficient 
(figs. 4(c) and  ?(c))  indicates a large  u-n-stable  break  or  pitch-up 
characteristic in the  pitching-moment  curves  at  the  subsonic  Vach n u -  
bers  for  both  wing-body  configurstions at e 1ifk  coefficient  of  approxi- 
mately 0.45 followed  by a large  stable  break  at a lift coefficient of 
approximately 0.70. The  unstable  break  in  the  pitching-m0Eer-t  curves 
occurs  at  approximately  the  same  lift  coefficient  that  the  slope  of  the 
lift  curves  (figs.  &(a)  and  5(a))  begins  to  decrease. At supersonic 
speeds,  the  unstable  break  in  the  pitching-moment  curves becmes less 
severe  with  increasing  Mach  number  starting at M~ch number 1.00 for 
the  aspect-ratio-2.67  wing  and  above  Mach  number 1.03 for  the  aspect- 
ratio-4.00 w-ing. 

The  unstable  pitching-moment chmges at  subsonic and supersonic 
speeds  are  the  result of lift  losses  over  the  outboard wing sections,- 
which  are  probsbly  caused  by  boundary-layer  separation on the wing 
upper  surface.  Reasons f o r  separation  are  believed sinihr to  those 
indicated  for a 4 9  swept-wing model in  reference 5. At the  lover  Mach 
numbers  separation is attributed  to  the  effects of a leading-edge 
separation  vortex,  and  at  the  higher  Mach nmbers shocks  that  extend 
laterally  across  the wiog cause  separation of the  thickened boundary 
layer  over  the  outboard  wing  sections.  With  incresse  in Mach number 
these  shocks  aove  rearward on the  wing;  this  movexent of the  shock 
reduces  the sepamted flaw area  and  results  in an kqrovement  in  the 
pitching-moment  charecteristics at supersonic  speeds. 

Longitudinal  Stability  Characteristics  With  Tail  On 

The  changes  in  the  longitudinal  stability  characteristics of the 
wing-body  configurations  due  to  the  addition of the  tail  are  perhaps - 
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best  indicated 3y the  variation  of - with  lift  coefficient  as  shown 
in  figure 6. In these  curves  the  destabilizing  or  pitch-up  tendency 
appears  as  an  abrupt  decrease  in  the  negative  value of 2 at  Eoderate 

lift  coefficients.  Adding  the  tail  in  either  position  tended  to  reduce 
the  abrupt  chenge  in  the  slopes  and  also  the maxim change  in many 
cases,  but  it  did  not  eliminate  the  destebilizing  tendency.  At  super- 
sonic  speeds,  sdding  the  tail  generally  delayed  the  destabilizing  tend- 
ency  to  higier  lift  coefficients.  Lowering  the  tail  bad  the  greatest 
effect  at  subsonic  speeds  where  it  incressed  stability  over a smell 
lift  reage  after  pitch-up. 

dCrn - 
dCL 

dC 

d% 

m e  variation 

shown in  figure 7, 

in  this  case)  with 
Ew and 19 percent 

Lr 

of - with  M&ch  number  at 8, value of CL of 0.2, 

indicates a rearward  movement of the  neutral  point 
indicative  of  r-eutral  point  at  low  lift  coefficienta 

ac, 
dCL 

increasing  Mach  number of approximately 12 percent 
Ew for  the  aspect-ratio-2.67 and aspect-ratio-4.00 

wing-body  configurations,  respectively.  The  contribution  of the tail 
increases  slightly  with  increasing  hhch nmber 8s indicated  in  figure 7. 

The  tail  volu-ne  coefficient  of  these  configurations is compsratively 
low, 0.247 w3en  the  aspect-ratio-4.00  wing is used  and 0.202 when  the 
aspect-ratio-2.67  wing  is  used.  it  appeers  that  the  pitch-up  tendency 
might  be  further  reduced  by  increasing  the  tail  length and area, by 
decreasing  the  sweepback of the  tail, and by  adciing  auxiliary  devices 
to the  wings. 

An investigation of the  effect of e 60° sweptback  horizontal  tail 
at  tvo  vertical  locations on the  static  longitudinal  stcbility of two 
60° sweptbagk-wing-body  conf'igurctions  at  eagles of ettack  from -3' 
to about 15 leads to the  following  conclusions: 

1. Addi2g the  tail  to  the  wing-body  configurations a t  either  of 
the two locations  reduced  the  magnitude of the  pitch-up  tendency  but 
did  not  eliminate  it. 

. 
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2. Lowering  the  tail  to  the  position  below  the  extended w i n g  
chord  plane  resulted  in a slight  increase  in  effectiveness  inmediately 
after  pitch-up  at  subsonic  speeds. 

3. At low lift  coefficients,  stability  changes  with  increasing 
Mach  number  corresponding  to a reerward  novezent of the  neutral  point 
of approximetely 12 gercect  an& 19 percent of the  mean  aerodymaic 
chord  occurred  for  the  aspect-ratio-2.67  and  aspect-ratio-4.00  con- 
figurations,  respectively. 
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TABU I. - BODY COORDINATES 

Station, 
in. from nose 

0 
-5 

1 .o 
2 .o 
3-0  
4.0 
6 .o 
8.0 
10.0 
12.0 
14.0 
16 .o 
18.0 
20 .o 
21.5 
23- 5 
25.0 
27 .o 
29 .o 
31 .o 
31 -7  
34.0 
36.0 
36.5 

Body radius, 
in.  

0 
.165 

.612 
9 743 
-969 
1.150 
1.290 
1.404 
1.493 
1 552 
1 - 5 9  
1.606 
1.600 
I * 570 
1 532 
1.460 
1.360 
1.231 
1.181 
1.019 
879 
.844 

.282 

.460 
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TABLE 11.- GEOME?I!RLC CHKRACTERISTICS OF MODELS 

I 
~~ _ _ _ ~  ~ ~~ ~~ ~~~~ ~ ~~~~ ~ 

Aspect ra t io  . . . . . . . . . .  
Taper ra t io  . . . . . . . . . .  
Totzl area, sq in. . . . . . .  
Dihedral, deg . . . . . . . . .  
GeoEetric twist, deg . . . . . .  
Span, in. . . . . . . . . . . .  
Sweepback : 
O.25-chord line, deg . . . . .  
LeeAing edge, deg . . . . . .  

E ,  in .  . . . . . . . . . . . .  
St/% . . . . . . . . . . . . .  
Z / %  . . . . . . . . . . . . .  
vt . . . . . . . . . . . . . .  

Wings 
~~~ 

4.0 
0.15 

202.75 
0 
0 

28.478 

60 .oo 
62.45 
8.416 
0.15 
1.645 
0 -247 

2.67 
0.15 

202.75 
0 
0 

23.252 

60 .oo 
63 54 
10.308 
0.15 
1.343 
0.202 

9 

Tail  

2.67 
0.15 
30.41 

0 
0 

9.006 

60.00 
63-54 
3 992 "-" 
""- 
""W 



10 NACA RM L57Lll 

NACA  64A206,  o=O 

NACA  64A203,  a=O.B(modified) 

NACA 64A203 ,  a=0.8(modi 

NACA  64A206,  o=O 

20.00 

.50/ 
. -. . . - -. 

(a) Wing aspect  ratio, 2.67. 

Figure 1.- Details of the configurations tested. All dimensions m e  in 
inches. 



(b) Wing aspect r a t i o ,  4.00. 

Figure 1.- Concluded. 
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&foot transonic  pressure  tunnel with the  aspect-ratio-2.67 wlng F 
and the. t a i l  i n  the low position. P 

Figure 2. - Model i n  the Langley 
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Mach number, M 

Figure 3.-  Variation with Mach number of Reynolds number based on w i n g  mean aerodynamic chord. 
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Lift coefficient,CL 
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(a) Variation of a with CL. 
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(b) Variation of CD with CL* 

Figure 4. - Continued. 
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( c )  Variation of C, with CL. 

FLgure 4. - Concluded. 
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I 
Lift CoeffiCIent,CL 

(a) Variation of a with %. 

Figure 5. - Aerodynamic characteristics of the aspect-ratio-)+.OO wing-body configuration with and 
without the  horizontal t a i l .  -3 
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(b) Vwiation of CD with C-L. 
Figure 5. - Continued. 
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( c) Vsziation of Cm with k. 

Figure 5 . -  Concluded. 
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Llft coeff[aen:,CL 

Figure 6 . -  Variation of dh/dCL with lift coefficient f o r  the wing-  
body and wing-body-tail configurations. 
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Tail low 
Tail o f f  
Tail  high 

"- 
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Wing  aspect ratio=2.67 
0 

d 
U ' -2 E *  
0 
Q 

Wing aspect ratio=4.00 

.8 .9 I .o 1.1 I .2 .a .9 I e o  I .I 1.2 
Mach number, M Mach number, M 

Figure 7.- Variation of dCm/dCL with Mach number for  the wing-body and. wing-body-tail confiw- 
rations at a value of CL of 0.2. 
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